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(54) Method and system for addressing LCD including thin film diodes 

(57) A system and method for driving a thin film 
diode (TFD) inclusive AM LCD or imaging device 
includes providing each pixel with a pair of select lines 
and a single data line. Drive schemes are provided 
which increase the circuits tolerance for spacial and 
temporal variations in diode (e.g. MIM diode) character- 
istics, improve response time, increase the circuit's tol- 
erance for RC delays on data lines, and reduces the 
potential for crosstalk or image retention. In certain 
embodiments, where each pixel includes a pair of select 
lines, and a single data line, the select voltage on the 
first select line alternates between V s + V offeot and V s - 
Votfset for subsequent frames, while the select voltage 
on the other select line alternates between -V s + V offSQt 
and - V s - V offset for subsequent frames, thereby allowing 
voltage at the common node to be added to the data 
voltage. Drive schemes herein are used in conjunction 
with row inversion driving of pixel arrays, and some 
embodiments are also compatible with column inver- 
sion, frame inversion, and/or pixel inversion. 
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Description 

[0001] This application is a continuation in part (CIP) 
of U.S. Serial No. 08/935,678 filed 9723/97, the disclo- 
sure of which is incorporated herein by reference. 
[0002] This invention relates to a system and method 
for driving an electronic matrix array of elements, such 
as an active matrix liquid crystal display (AMLCD). More 
particularly, this invention relates to a method and sys- 
tem for addressing a diode driven matrix array, such as 
an LCD, including two select addess lines per row. The 
diodes are preferably of the thin film diode (TFD) type, 
and may be metal-insulator-metal (MIM) diodes in cer- 
tain embodiments. 

BACKQRQUNP OF THE INVENTION 

[0003] In known electronic matrix systems, an array of 
storage elements, each having a unique address, is uti- 
lized for storing electric charge and can include, for 
example, memory arrays and/or LCDs. In LCDs, the 
storage elements take the form of picture elements or 
pixels. The pixels generally include a pair of spaced 
apart electrodes having liquid crystal material disposed 
therebetween. Thus, each pixel constitutes a capacitor 
in which electric charge can be stored. The charge 
stored in a pixel results in a voltage potential across the 
opposing electrodes and an electric field across the liq- 
uid crystal material. By controlling the amount of charge 
stored in pixels across the array, the properties of the 
liquid crystal (LC) material can be controlled to obtain a 
desired light influencing effect or image which is dis- 
played to a viewer. 

[0004] In LCDs, alignment of the LC molecules can be 
obtained when the electric field applied to the LC is 
above a threshold value. When this occurs, a pixel 
becomes light transmissive or light absorbing, depend- 
ing upon the relative alignment of the display's polariz- 
ers and alignment layers; when the field is below the 
threshold value, an opposite effect is obtained. 
[0005] In LCDs, it is necessary to update the condition 
of each pixel at regular intervals, i.e. at a given frame 
rate. This is required because the pixels can retain or 
store the applied charge potentials for only a finite time. 
Updating is further required in order to change the 
image to be displayed (e.g. when the image is changing 
or moving). Accordingly, the ability to rapidly transfer to, 
and store electric charge in, pixels and to efficiently 
retain the stored charge therein for a frame period is 
essential. 

[0006] U.S. Patent No. 4,731,610 (to co-inventor 
Baron herein) discloses a driving scheme which utilizes, 
for example, either field effect transistors (FETs) or PIN 
(positive-intrinsic-negative) diodes. Unfortunately, these 
types of switching devices (PIN diodes and FETs), 
when employed in LCDs, require an undesirably high 
number of mask steps for fabrication, and also require a 
high degree of critical alignment. Accordingly, these 



complex structures reduce the yield of usable compo- 
nents per fabrication run, and therefore increase pro- 
duction costs. 

[0007] Metal-insulator-metal (MIM) diode LCDs are 

5 easier to fabricate than FET/TFT LCDs and conven- 
tional diode LCDs. A typical MIM electronic matrix array 
requires between two and four thin film layers and pho- 
tomask steps, as compared to 6-9 thin film layers and 
photomask steps for TFT arrays. Patterning of most 

10 MIM arrays can be achieved with less stringent overlay 
accuracy and resolution requirements, then is required 
for TFT arrays. As a result, less expensive photo-expo- 
sure equipment, such as scanning projection aligners, 
can be used, that have more than twice the throughput 

is and cost less than half as much as flat panel steppers. 
[0008] Despite their lower production costs, MIM 
driven LCDs are not widely used. This can be attributed 
to the inferior performance of typical MIM LCDs with 
regard to gray shade control, image retention, response 

20 time, and maximum size and resolution as compared to 
TFT LCDs. Accordingly, there exists a need in the art for 
an improved MIM LCD drive scheme, which is cheaper 
to manufacture, less susceptible to image retention and 
gray scale problems, and has good resolution. 

25 [0009] European Patent Application 0 434 627 A2 dis- 
closes a MIM diode driven LCD, invented previously by 
Inventor Willem den Boer of the instant application. In 
the EP '627 application, the MIM diode driven LCD 
includes two select lines per row, and a corresponding 

30 column line for each column. Thus, each individual pixel 
is addressed by a single column line and a pair of select 
or row lines. First and second MIM diodes are utilized to 
address each pixel, with a one MIM per branch design 
being utilized (i.e. there is only a single MIM diode 

35 between the common node and each select line). Unfor- 
tunately, the drive scheme of the '627 application suffers 
from at least the following problems. Firstly, as shown in 
Figure 3 of the '627 application, the polarity of signal on 
each select line is always reversed, with the reversal 

40 interval being two frames. Thus, for example, the pulses 
on a given select line will be positive for two frames, and 
then switch to a negative polarity for the next two 
frames, and so on. This requires sophisticated and 
expensive electronics which are undesirable. Secondly, 

45 the single MIM per branch design in the '627 application 
can result in a non-symmetric device, which requires 
the polarity changes discussed above. Thirdly, as 
shown in Figure 3(a) of the '627 application, for exam- 
ple, a large number of separate voltage levels (or hold- 
so ing voltage levels) are required in this design. This also 
is expensive, and requires complex circuitry which is 
undesirable. Fourthly, as shown in Figure 3(a) of the 
'627 application, for example, the voltage swing is 34 
volts. This is so large, so as to require complex and 

55 expensive drive circuitry. 

[001 0] A fundamental desire in LCD driving schemes, 
is to reduce the complexity and costs of drive circuitry, 
which is always a cost sensitive component to be taken 
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into consideration. 

[001 1 ] U.S. Patent No. 5.576, 728 to Maeda discloses 
a dual MIM circuit. Unfortunately, the MIM circuit of the 
'728 patent relate to "frame" inversion (e.g. see Fig. 7 
herein). Frame inversion is undesirable in that ft leads to 
top-to-bottom shading, cross-talk, and flicker in display 
operation and is therefor almost never used for display 
applications. Row inversion or pixel inversion are 
instead typically used in LCD applications. 
[0012] in the 728 patent, a reduction of pixel voltage 
variation across the display (shading) from 0.5 V to 0.1 
V is described as a benefit of the proposed 728 patent 
drive scheme. The reduction is allegedly achieved 
because the total swing of the data voltage and there- 
fore cross talk is reduced by using an offset voltage on 
the select or non-select voltage. This allows the use of a 
low voltage column driver with bipolar video. 
[001 3] It has been found by the instant inventors that 
the shading described in the Maeda 728 patent can 
only be completely eliminated by row inversion or pixel 
inversion (which are much different than Maeda's frame 
inversion), in which cross talk from the data voltage is 
substantially canceled out for most image patterns. In 
Maeda, the select voltages on positive and negative 
select lines are kept constant for ail pixels on all rows 
during one scan interval (frame inversion). Also in 
Maeda, the bipolar video occurs around a non-zero off- 
set voltage that stays constant during the entire scan 
interval, and this can only be done for frame inversion. 
Other schemes in Maeda 728 are also only compatible 
with frame inversion and are therefore useless in all 
practicality. Some other Maeda schemes use an offset 
on the non-select bias. However, because this offset is 
the same for all rows and changes polarity at the end of 
the scan interval, it is not a true holding voltage that is 
continuously maintained until the same row is selected 
again. The offset is thus only compatible with frame 
inversion and will continue to cause shading and flicker 
problems. Thus, Maeda is incompatible with desirable 
row inversion. 

[0014] It is apparent from the above that there exists 
a need in the art for an improved MIM diode driven LCD 
or other electronic matrix array, which (i) is designed so 
as to require less complex and less expensive circuitry; 
(ii) has improved gray shade control; (iii) is less sensitive 
to image retention than previous MIM LCDs and has 
had good resolution characteristics; and (iv) is capable 
of being used with row inversion systems that are com- 
monly used in LCDs and the like. 
[0015] It is a purpose of this invention to fulfill the 
above-described needs in the art, as well as other 
needs which will become apparent to the skilled artisan 
from the following detailed description of this invention. 

SUMMARY OF THE INVENTION 

[0016] Generally speaking, this invention fulfills the 
above-described needs in the art by providing a method 



of addressing a liquid crystal display including metal- 
insulator-metal (MIM) diodes, the method comprising 
the steps of: 

5 providing a plurality of pixels in the display, each of 

the pixels including a liquid crystal layer and a pair 
of electrodes which form a capacitor; 
providing each pixel with first and second MIM 
diodes that are coupled via a common node, the 

10 common node being located between (a) the MIM 
diodes, and (b) the capacitor; 
providing each pixel with first and second select 
address lines, the first select address line being 
coupled to the first MIM diode and the second 

is select address line being coupled to the second 
MIM diode; 

providing each pixel with a data address line; 

in a pixel, biasing the first and second MIM diodes 

into and on condition to facilitate storage of charge 

20 in the capacitor of the pixel by varying a select volt- 
age applied to the first select address line between 
v s + v offset and v s * v oftsei for subsequent frames, 
and varying a select voltage applied to the second 
select address line between -V s + V offeGt and -V s - 

25 v oftset for subsequent frames, wherein V s is one 
voltage and V offeot is another voltage that is less 
than V s . 

[001 7] In certain preferred embodiments, the method 
30 further includes applying holding voltages to each of the 
first and second select lines during non-select periods 
in order to improve charge retention in the pixel. 
[0018] This invention further fulfills the above- 
described needs in the art by providing a pixel for an 
35 LCD, the pixel comprising: 

a capacitor formed by a liquid crystal layer sand- 
wiched between first and second electrodes; 
first and second MIM diodes; 

40 a node coupling together (i) said first MIM diode; (ii) 
said second MIM diode; and (iii) said capacitor; 
first and second parallel select lines, said first select 
line connected to said first MIM diode and said sec- 
ond select line connected to said second MIM 

45 diode; 

a data line oriented perpendicular to said first and 
second select lines; 

simultaneous offset scan driving means for charg- 
ing the pixel so as to supply data to a viewer of the 

so display, said simultaneous offset scan driving 
means for simultaneously applying, in a first frame, 
a select voltage of V s - V offset to said first select line 
and a select voltage of -V s - V offeet to the second 
select line, and thereafter simultaneously applying, 

55 in a second frame subsequent to the first frame, a 
select voltage of V s + V off8et to said first select line 
and a select voltage of - V s + V offset to said second 
select line. 
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[0019] This invention further fulfills the above 
described needs in the art by utilizing semi-insulators in 
the form of smooth poly-crystalline diamond and dia- 
mond-like carbon thin films containing small amounts of 
N and/or F dopant atoms at the insulator in MIM diodes. 
Carbon nitride in the form of an amorphous thin film (a- 
C:N) may also be used as the active material for thin film 
diodes (e.g. Ml Ms) in accordance with this invention, as 
a-C:N allow emulates its crystalline component beta- 
CN. The latter has a hardness value greater than that of 
diamond and is very stable to heat, light, and electrical 
stress. Such a-C:N thin films, useable as MIM insula* 
tors, can be synthesized at low substrate temperatures 
(<100 degrees C) by one of (a) growth from sold carbon, 
and (b) growth from gas phase. 
[0020] This invention will now be described with refer- 
ence to certain embodiments thereof as illustrated in 
the following drawings. 

IN TH E D RAWINGS 

[0021] 

Figure 1 is a schematic circuit diagram of an active 
matrix liquid crystal display (AM LCD) including a 
MIM diode drive scheme according to an embodi- 
ment of this invention. 

Figure 2(a) is a circuit diagram of two different pix- 
els of Figure 1 , on different rows, according to a first 
embodiment of this invention. 
Figure 2(b) illustrates four separate voltage v. time 
graphs which correspond to the four select lines 
illustrated in Figure 2(a) [i.e. how these pixels are 
driven in operation]. 

Figure 3(a) is a circuit diagram of two different pix- 
els of Figure 1 , on different rows, according to a 
second embodiment of this invention. 
Figure 3(b) illustrates four separate voltage v. time 
graphs which correspond to the four select lines in 
Figure 3(a), according to the second embodiment 
of this invention. 

Figure 4(a) is a circuit diagram of two pixels of Fig- 
ure 1, according to a third embodiment of this 
invention. 

Figure 4(b) illustrates four separate voltage v. time 
graphs which correspond to the select or row lines 
illustrated in Figure 4(a), according to the third 
embodiment of this invention. 
Figure 5 is a circuit diagram of a pixel of Figure 1 , 
according to a fourth embodiment of this invention, 
wherein a pair of MIM diodes are provided on each 
branch (i.e. lour MIMs per pixel). 
Figure 6 is a top view of a matrix array of pixels, and 
corresponding MIM diodes, according to the Figure 
5 embodiment of this invention (showing the row 
lines and four MIMs per pixel), wherein the column 
of data lines on the opposite substrate are not 
shown. 



Figure 7 are a pair of graphs illustrating row inver- 
sion as discussed herein. The V and "-" signs in 
the Fig. 7 graphs (and also in the Fig. 8-10 graphs) 
represent, with the display operating in AC, the 

5 polarity of the voltage at the pixel node V with 

respect to the voltage on the opposite electrode 
(made up of patterned columns of ITO to which the 
data is applied) across the LC layer. Thus, if the 
voltage at pixel node V is +5 volts and the voltage 

w on the opposite pixel electrode across the LC layer 
is 0 volts, then a "+" sign would be used in Figure 7 
(although the V does not remain constant during 
each frame as it floats, except during select peri- 
ods). In the same frame, when the voltage on the 

15 opposite pixel electrode goes to +5 volts, then the 
voltage at the pixel node V would go to +10 volts, so 
that the relative voltage remains substantially con- 
stant throughout the entire frame. If the column volt- 
age on the opposite pixel electrode went to -5 volts, 

20 then the node voltage would go to 0 volts. In all of 
these cases, the sign is proper as it describes 
the polarity of the node voltage "relative" to the 
opposite electrode voltage. Thus, the V and "-" 
signs in Figures 7-10 describe the voltage across 

25 the liquid crystal material, in each individual pixel. 

Figure 8 are a pair of graphs illustrating row inver- 
sion useful with embodiments of this invention, 
wherein each row of pixels in the display has a 
given polarity in each frame, with the next row hav- 

30 ing the opposite polarity, and wherein polarity for 
each row of pixels changes for the next frame. 
Figure 9 are a pair of graphs illustrating column 
inversion, where column inversion is the same as 
row inversion, except that each column of pixels 

35 has its own polarity in a given frame and then 
changes polarity for the next frame. 
Figure 10 are a pair of graphs illustrating dot(pixel) 
inversion from one display frame to the next. 
Figure 11 is a schematic Pspice simulation circuit 

40 for one row in a 28 in. SVGA single MIM LCD con- 
figuration for comparison with dual MIM designs of 
this invention. "Pspice" is simulation software, avail- 
able from MicroSim, of California, for simulating cir- 
cuits. 

45 Figure 12 is a schematic Pspice simulation circuit 
for one row in 28 in. SVGA dual MIM LCD in accord- 
ance with certain embodiments of this invention. 
Figure 13 is a time versus voltage graph illustrating 
pixel voltage and select and data waveforms for the 

so single MIM circuit of Fig. 1 1 with Rrow = 1 tohm. 

Figure 14 is a time versus voltage graph illustrating 
pixel voltage and select and data waveforms for the 
single MIM circuit of Fig. 1 1 with Rrow = 2 kohm. 
Figure 15 is a time versus voltage graph of the 

55 same Fig. 13 curves, except for a dual MIM circuit 
of Figure 12 in accordance with this invention when 
Rrow = 1 kohm. 

Figure 16 is a time versus voltage graph of the 
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same Fig. 14 curves, except for a dual MIM circuit 
of Figure 1 2 in accordance with this invention when 
Rrow = 2 kohm. 

Figure 17 is a three dimensional graph, illustrating 
pixel voltage variation (mV) [vertical axis] as a func- 
tion of both row resistance (kohm) and column 
resistance (kohm), for the single MIM display of Fig- 
ures 11, 13, and 14. This graph is used for pur- 
poses of comparison with the dual MIM graph of 
Fig. 18. 

Figure 18 is a three dimensional graph of the dual 
MIM circuit of Figs. 12, 15. and 16, illustrating pixel 
voltage variation (mV) [vertical axis) as a function of 
both row resistance (kohm) and column resistance 
(kohm). 

Figure 19(a) is a voltage (volts) versus current 
(amps) graph, with characteristics normalized to 30 
um x 30 um, of a 30 x 30 MIM diode using amor- 
phous silicon nitride (dotted line) as the insulator 
and of a similar diamond line carbon insulated MIM 
device (solid line). 

Figure 19(b) is a side cross sectional view of a MIM 
diode or a TFD diode in accordance with certain 
embodiments of this invention. 
Figure 20(a) is a graph illustrating center return 
video driving. 

Figure 20(b) is a graph illustrating bipolar video 
driving. 

DETAILED DESCRIPTION OF CERTAIN EMBODI- 
MENTS OF TH IS INVENTION 

[0022] Referring now more particularly to the accom- 
panying drawings in which like reference numerals indi- 
cate like parts throughout the several views. 
[0023] Figure 1 is a schematic circuit diagram of an 
AM LCD according to an embodiment of this invention. 
The AM LCD includes a plurality of pixels 1 -6 arranged 
in a matrix array on the active substrate of the display. 
Pixel 1 includes liquid crystal layer 7 sandwiched 
between individual pixel electrode 8 and common elec- 
trode 9. as well as MIM diodes 10 and 1 1 which are cou- 
pled to one another and to pixel electrode 8 via common 
node 12. Common node 12 is in communication with 
each of MIM diodes 10, 11, via branches extending 
therefrom, as well as with pixel electrode 8. Each of the 
other pixels 2-6 also includes a pair of MIM diodes 10, 
1 1 coupled at a common node 12, as well as LC mate- 
rial 7 sandwiched between pixel electrodes 8 and 9. The 
common electrode 9 in each pixel is in electrical com- 
munication with a column or data line 31 , 32. 
[0024] The Figure 1 display further includes row or 
select lines 21-26 that are driven and selected by row 
select driver 27, and column or data lines 31 and 32 
which are selected and driven by column driver 33. 
Select lines 21-26 are all substantially parallel to one 
another and are oriented in a first direction, while data 
lines 31-32 are also substantially parallel to one 



another, but are oriented in a second direction that is 
substantially orthogonal to the first direction. Thus, 
select lines 21-26 are substantial orthogonal to data 
lines 31 -32 across the active matrix array. 

5 [0025] As illustrated in Figure 1 , a pair of row or select 
lines is provided for each pixel, while only a single col- 
umn or data line is utilized for each pixel. Although only 
six pixels are illustrated, it is to be understood that the 
AM LCD includes additional pixels as well as additional 

10 select and data address lines sufficient in number so as 
to form a usable image for displaying to a viewer (e.g. 
see Figure 6). Each of the pixels 1-6 herein is substan- 
tially identical. 

[0026] The insulator in MIM diodes 10-1 1 is conven- 
15 tionally either anodized Ta 2 0 5 (tantalum oxide) or Si-rich 
SiN x (silicon nitride) grown by plasma enhanced chem- 
ical vapor deposition (CVD). [Diamond-like carbon may 
also be used as an insulator in MIM diodes in this inven- 
tion.] SiN x diodes have steeper current voltage charac- 
20 teristics than Ta 2 0 5 , diodes and a lower diode 
capacitance. Thus, SiN x diodes are more attractive for 
higher resolution displays. However, SiN x diodes suffer 
from device degradation and spacial non-uniformity. 
The pixel circuits described herein thus are designed so 
25 as to have greatly increased tolerance for spacial and 
temporal variations off MIM diode current-voltage char- 
acteristics, as Si N x MIM diodes are preferred in certain 
embodiments. 

[0027] A row of pixels (e.g. pixels 1 and 4) is selected 

30 by applying simultaneously opposite polarity pulses to 
select lines 21 and 22 while at the same time applying 
data voltage to the column lines in that particular row as 
desired. As illustrated in Figures 2-4, the polarity of the 
voltage pulses on any given select line remain constant 

35 for that line. In other words, on select line 21 , for exam- 
ple, the polarity of pulses thereon will always be positive 
while the polarity of the pulses on the corresponding 
select line 22 will always be negative. This allows for 
less complex circuitry to be utilized. This is the case with 

40 all pixels disclosed herein. 

[0028] Referring now to Figures 1 , 4(a), and 4(b), the 
third embodiment of this invention will first be described. 
Preferably, SiN x MIM diodes are utilized in this third 
embodiment. Two MIM diodes are connected to each 

45 LC pixel, and two separate select lines (21 and 22 for 
pixel 1). A row of pixels is selected by applying simulta- 
neously opposite polarity pulses 41 and 42 of substan- 
tially equal magnitude, to the pixel, while applying data 
voltage to the corresponding column line 31 . 

so [0029] Referring to prior art single MIM circuits with 
single row lines. Any variation in the current-voltage 
characteristic of the MIM device over time, with temper- 
ature, or across the display area will result in a variation 
of the LC voltage. In SiN x MIM diodes 10-11, the thick- 

55 ness and composition (i.e. Si/N ratio) of the SiN x layer 
determines in part the diode's current-voltage curve. 
Because it is difficult to control thickness and composi- 
tion accurately over large area, the current voltage 
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curve of such SiN x MIM diodes 10-11 will vary signifi- 
cantly across large area displays. In addition, the SiN x 
diode current decreases, when pulsed in the on-state 
for an extended period of time, leading to image reten- 
tion in conventional circuits. Furthermore, because MIM 
current also depends on temperature, a non-uniform 
heating of the display will result from pixel voltage varia- 
tion across the display area Circuits herein overcome 
these problems. 

[0030] As shown in Figures 4(a) and 4(b), a select 
voltage 41 of about 15 volts is applied to select line 21 , 
while simultaneously a select voltage 42 of - 15 volts is 
applied to select line 22, while a data voltage of 5 volts 
is applied to column or data line 31 . These voltages may 
range from 10-30 volts for line 21 , and from - 10 to -30 
for line 22. In the 4(a) circuit, of pixel 1 , when these sig- 
nals are applied, the pixel charging saturates rapidly at 
the data voltage and is virtually independent of MIM cur- 
rent variations up to 10X. The pixel charging saturates 
quickly, because the voltage across each MIM device 
10. 1 1 is still 15 volts when the pixel voltage approaches 
the data voltage, so that a significant on-current keeps 
flowing until the select pulses are switched off. The pixel 
voltage shift at termination of the select pulses 41 and 
42 is substantially eliminated in the illustrated circuit, 
because the capacitive feed through voltage of diodes 
10-1 1 substantially cancels out. When the select time is 
reduced to about 16 microseconds, corresponding to 
1 ,000 rows at a 60 Hz refresh rate, the illustrated Figure 
4(a) circuit can still charge the pixel almost completely. 
As discussed in "A Two-diode Pixel Circuit and Address- 
ing Method for MIM LCDs," by den Boer, October 1996, 
the disclosure of which is incorporated herein by refer- 
ence, when the Figure 1 and 4(a) circuit with the illus- 
trated drive scheme is compared with a prior art MIM 
diode LCD drive scheme, simulations indicate that gray 
scale control is superior for the Figure 1 , 4(a) circuit and 
that image retention from diode degradation will be 
greatly reduced according to this invention. The illus- 
trated circuit herein has increased tolerance for MIM 
current variations with temperature, time, and across 
the display area. 

[0031] Still referring to Figures 1 and 4(a)-4(b), con- 
ventional MIM LCDs operated with a conventional drive 
scheme suffer from poor response times caused by the 
nature of the single MIM switch. As a result, it is difficult 
to produce video images without smearing. A worse 
case example of slow response time is illustrated and 
discussed in "A Two Diode Pixel Circuit and Addressing 
Method for MIM LCDs." by den Boer. The circuit of Fig- 
ures 1 and 4(a)-4(b), is an improvement over the prior 
art, as with this circuit the pixel voltage reaches its new 
RMS value immediately, because the voltage across the 
MIM diodes and their current, are sufficiently large to 
discharge the pixel with one line time. 
[0032] Still referring to Figures 1 and 4(a)-4(b), it has 
been found by the instant inventors that this invention 
results in less voltage variation along pixel rows than 



prior art MIM driven circuits. This is attributed to the 
faster approach of the pixel voltage to the data voltage 
in the inventions herein than in the prior art. In sum, cir- 
cuit simulations of the circuit from Figures 1 and 4(a)- 

5 4(b) show that this circuit has greatly increased toler- 
ance for spacial and temporal variations in MIM driven 
LCDs. This circuit also has improved response time and 
increased tolerance for RC delays on the row and col- 
umn lines. The simulations indicate that this circuit has 

10 the potential of driving more than one thousand rows in 
large, low cost LCDs with diagonal size exceding 20". 
[0033] Referring now to the first embodiment of this 
invention, illustrated in Figures 1 and 2(a)-2(b). While 
the third embodiment shown in Figures 4(a) -4(b), when 

15 operated in a simultaneous scan mode, has numerous 
advantages over prior art MIM LCD technology includ- 
ing much improved spacial and temporal gray shade 
control and uniformity, faster response time, reduced 
image retention and cross-talk, and increased tolerance 

20 for RC delays on the row and column lines, the draw- 
back of the Figure 4(a)-4(b) embodiment is that it needs 
to have at least a ten volt swing on the data line in order 
to obtain sufficient voltage across LC 7 and the rela- 
tively high voltage that can occur across MIM diodes in 

25 the off-state (during the non-select period). In the off- 
state, the pixel voltage can vary between +10 volts and 
- 10 volts. At 10 volts, across the MIM diode, its current 
can be too high to retain sufficient charge on the pixel. 
Accordingly, the Figure 2(a) -2(b) embodiment of this 

30 invention surprisingly improves upon the Figure 4(a)- 
4(b) embodiment, by alternating the select voltage on 
one select line between V s + V offSGt and V s - V offeot for 
subsequent frames, while alternating the select voltage 
on the other corresponding select line between - V s + 

55 V ottSGt and -V s - V offset . In the Figure 2(b) example, V s = 
15 volts and V offset = 3 volts. The data voltage swing on 
line 31 is thus reduced to 5 volts (V D varies between - 
2.5 and +2.5 volts in this example) allowing the the of 
low cost data drivers. V s may range from about 10-30 

40 volts, while V offset may range from about 2-4 volts. 
Although the use of one polarity select pulse voltages 
per row driver keeps cost of row drivers down, and lower 
voltage drivers with fewer voltage levels are cheaper, it 
is advantageous for very large displays (e.g. 15 inch dis- 

45 plays and greater) to have both positive and negative 
select lines driven from the same chip, i.e. from the 
same side of the display so as to cancel out the voltage 
drop of the select pulse amplitudes along the two row 
lines and prevent a DC component variation on the pixel 

so voltage along the row line. 

[0034] In this simultaneous offset scan of the Figure 
2(a)-2(b) ripple drive embodiment, the maximum volt- 
age across each MIM diode 10, 11 in the off-state is 
about 7 to 8 volts, resulting in improved charge retention 

55 in the LC 7 capacitance in each pixel. The cancellation 
of the pixel voltage shift from the two diodes is not com- 
plete in this drive scheme, because the opposite polarity 
pulses on lines 21 and 22, for example, are not of equal 
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magnitude. The data voltage is applied in row inversion 
mode [i.e. the data signal voltage polarity is charged for 
each row]. 

[0035] Still referring to the Figure 2(a)-2(b) embodi- 
ment, pixel 1 , for example, is driven as follows. A pulse 
of V o 

" Vojfeet ( e -9- 15 volts - 3 volts equals 12 volts) is 
applied to select line 21, while a pulse of -V s - V offSQt 
(e.g. -15 volts - 3 volts equals -18 volts) is simultane- 
ously applied to select line 22, while at the same time a 
data voltage of 2.5 volts is applied to column line 31. 
This charges the LC capacitance of each pixel. 
Because a 30 volt differential is applied between select 
lines 21 and 22, after each select pulsing, each node 
branch has a drop of 1 5 volts. Thus, we have - 3 volts at 
common node 12 after the select voltage on line 21 is 
12 volts and that on line 22 is -18 volts. This -3 volts at 
common node 12 is added to the data voltage on col- 
umn line 31. 

[0036] When MIM diodes 10-1 1 are switched off, node 
12 floats and follows the column line voltage so that, for 
example, if -2.5 volts are applied to column line 31, the 
voltage at node 12 goes to -8 volts, while select line 21 
and 22 are at 0 volts. Thus, the circuit enables the sys- 
tem to use less voltage on the column lines (this saves 
cost and circuit complexity), and allows less voltage var- 
iation at both node 12 and on the column lines so that 
there is less leakage through MIM diodes 10 and 11. 
Minimizing leakage through diodes 10-11 in the MIM 
off-state is desirable as will be appreciated by those of 
skill in the art. 

[0037] Still referring to Figures 2(a)-2(b), following the 
frame, when it is desired to change to image being 
shown to the viewer, a voltage of V s + V offe9t (e.g. 1 5 
volts + 3 volts equals 18 volts) is applied to select line 
21 , while a voltage of - V s + V ofteet (-15 volts + 3 volts 
equals -12 volts) is applied to select line 22, while a data 
voltage is applied to column line 31. Following the next 
frame, the signal on line 21 goes back to V s - V ottset and 
the signal on line 22 goes back to -V s - V off80t for the 
next pulsing. As discussed above, the pulsing on each 
of lines 21 and 22 alternate between these two values 
for subsequent frames when the AM LCD is on. Each 
pixel in the active matrix array is driven in a similar man- 
ner. 

[0038] Accordingly, the Figure 2(a)-2(b) embodiment 
of this invention allows the circuit to have a smaller volt- 
age swing on the data line (i.e. column line 31), while 
still obtaining sufficient voltage across liquid crystal 
material 7 in each pixel and limiting leakage through the 
MIM diodes 10-11. For example, as shown in Figure 
2(b), the voltage swing on line 31 is reduced to 5 volts 
(from 2.5 volts to - 2.5 volts) which is a improvement 
over the 10 volt swing shown in Figure 4(a). This per- 
mits the circuit to take advantage of using low cost data 
drivers. Still further, the Figure 2(a)-2(b) embodiment 
has a reduced number of voltage levels applied to the 
select lines, than does the prior art discussed in the 
Background Section of this application. This also allows 



the circuit to take advantage of less complex circuitry 
requirements. According to certain preferred embodi- 
ments of this invention, the voltage drop on the column 
or data lines is no greater than about 6 volts, preferably 
5 less than or equal to about 5 volts, while the voltage 
swing between corresponding select lines is no greater 
than about 32 volts, and is preferably less than or equal 
to about 30 volts. 

[0039] Referring now to the Figure 3(a)-3(b) embodi- 

10 ment of this invention, further improvement is obtained 
by adding holding voltages during the non-select peri- 
ods, as shown in Figure 3(b). In this simultaneous offset 
scan with holding voltage embodiment (i.e. the second 
embodiment of this invention), the maximum voltage 

is across each MIM diode 10-11 in the off-state is further 
reduced to about 5 volts, improving charge retention on 
the LC material 7 in each pixel. The holding voltages 
(e.g. 3 volts or -3 volts in Figure 3(b)) are maintained on 
select lines 21 and 22, respectively, until the next selec- 

20 tion pulse. The pixel voltage shifts from the two MIM 
diodes 10-11 completely cancel out in this mode, 
because at termination of the select pulses the voltages 
on select lines 21 and 22 change by equal but opposite 
amounts. Data voltage is again applied in row inversion 

25 mode, and can stay at or below about 5 volts for low 
cost. 

[0040] Figures 5-6 illustrate a fourth embodiment of 
this invention, where, in contrast to the first three 
embodiments discussed above, a pair of separate MIM 

30 diodes are provided in each node branch. Therefore, we 
have four MIM diodes per pixel. This design improves 
the symmetrical nature of the circuit, and results in 
improved driving characteristics when, as discussed 
above, the pulse signals on each select line always 

35 have the same polarity. When using twin MIM diodes 
10, 11, connected back-to-back in each branch, the 
pixel voltage on pixel electrode 8, and at common node 
12, goes exactly to: (V , + V 2 ) -s- 2 , at the end of the 
select time, wherein V 1 is the voltage pulse on line 21 

40 and V 2 is the voltage pulse on line 22. This is perfectly 
symmetrical. Figure 6 is a top view illustrating a matrix 
array of pixel electrodes 8, select lines 21 , 22, and MIM 
diodes 10, 1 1 , according to the Figure 5 embodiment of 
this invention. This Figure 5-6 embodiment may use the 

45 drive schemes in any of the other embodiments of this 
invention (e.g. see Figs- 2(b) -4(b)). 
[0041 ] Each of the above discussed and/or illustrated 
embodiments of this invention is compatible with row 
inversion (e.g. Fig. 8) and frame inversion (e.g. Fig. 7) 

so types driving schemes for LCD applications. This is in 
contrast to the Maeda 728 patent which, unfortunately, 
is limited to frame inversion applications. Additionally, 
the Figure4(a) and 4(b) embodiment of this invention 
discussed above is compatible with both column inver- 

55 si on driving and pixel inversion driving. Center return 
video (e.g. 10 to 1 4 volt data driver) is typically used with 
the Fig. 4(a)-4(b) embodiment of this invention, while 
bipolar video (e.g. 5 volt data driver) is typically used 
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with the other embodiments of this invention. 
[0042] Figure 7 shows frame inversion, as ail of the 
pixels in the display have the same polarity (+ or -) dur- 
ing a given frame, and the polarity of each pixel is 
changed for subsequent frames. Two frames, one after 
the other, are shown in Figure 7. Free inversion is unde- 
sirable in that it leads to top-to-bottom shading, cross 
talk, and flicker in LCD applications and is therefore 
almost never used. Flicker is typically defined by varia- 
tion in luminance of more than 10% at frequency less 
than 40 Hz. Because flicker can be reduced by spatial 
averaging, the solution to the flicker problems associ- 
ated with frame inversion are row inversion, column 
inversion, and/or pixel inversion described below. 
[0043] Figure 8 shows an embodiment of row inver- 
sion where one row of pixels in the display has a "+" 
polarity for an entire frame and another adjacent row of 
pixels has an opposite "-" polarity during that frame. In 
the Fig. 8 embodiment of row inversion, each row of pix- 
els alternates polarity in each frame, and the polarity in 
each pixel changes for each frame so that if a pixel is V 
in one frame, it will be in the next frame (this is the 
case for the illustrated embodiments of Figs. 7-10 
herein). Two frames, one after the other, are shown in 
Fig. 8. In the illustrated Fig. 8 embodiment of row inver- 
sion, every other row is of the same polarity so that 
adjacent rows in a given frame are of opposite polarity. 
However, in other row inversion embodiments of this 
invention, adjacent rows may be of the same polarity 
(e.g. where the first and second rows are "+", the third 
and fourth rows the fifth and sixth rows "+", etc. In 
any case, row inversion reduces flicker due to spatial 
averaging, and reduces vertical cross talk. All MIM 
embodiments of this invention may be driven using 
those row inversion techniques, as they are preferable. 
[0044] Figure 9 illustrates column inversion, which 
reduces flicker and horizontal cross talk. Again, the Fig- 
ure 4(a)-4(b) embodiment of this invention may utilize 
column inversion driving techniques. For column inver- 
sion, each column of pixels in the LCD has the same 
polarity in a given frame, and then switches polarity for 
the next frame. In certain embodiments, adjacent col- 
umns of pixels in a given frame have opposite polarities 
V and 

[0045] Figure 10 illustrates pixel or dot inversion, 
which results in high image quality due to reduction in 
vertical and horizontal cross talk. Flicker is also reduced 
with pixel inversion. The Fig. 4(a)-4(b) embodiment of 
this invention may utilized pixel or dot inversion. Again, 
the polarity of each pixel changes from frame to subse- 
quent frame, and all pixels of the display in a given 
frame are not of the same polarity (this is also the case 
with row and column inversion). 

[0046] The "+" and "-" signs in the Fig. 7-10 graphs 
represent polarity as defined herein, where polarity is 
defined as the polarity of the voltage at the pixel node 
V p (or 12) with respect to the voltage on the opposite 
electrode 9 across the LC layer 7. The opposite elec- 



trodes 9 across the display are made up of patterned 
columns of ITO or the like to which data signals are 
applied. Thus, if the voltage at pixel node 12 is +5 volts 
and the voltage on the opposite pixel electrode 9 across 

5 the LC layer is 0 volts, then a "+" sign would be used 
thereby indicating that the voltage at the node 12 is 
greater than that at electrode 9 (it is noted that the volt- 
age at the node 12 does not remain constant during 
each frame as it floats, except during select periods). In 

w the same frame, when the voltage on the opposite pixel 
electrode 9 goes to e.g. +5 volts, then the voltage at the 
pixel node 12 would go to +10 volts, so that the relative 
voltage remains substantially constant throughout the 
entire frame and a V polarity at the node relative to 

is electrode 9 is maintained for example. If the column 
voltage on the opposite pixel electrode 9 went to -5 
volts, then the node 1 2 voltage would go to 0 volts. In all 
of these cases, the "+" sign is proper as it describes the 
polarity of the node 12 voltage "relative" to the opposite 

20 electrode 9 voltage. Thus, the "+" and "-" signs in Fig- 
ures 7-10 describe the voltage across the liquid crystal 
material 7, in each individual pixel. In other words, the 
"+" and "-" signs do not describe the polarity of a partic- 
ular voltage relative to zero (0), but instead describe the 

25 polarity of the node 12 voltage relative to electrode 9 
across the liquid crystal layer 7. 
[0047] The difference between bipolar video and 
center return video is as follows. In bipolar video (Figure 
20(b)), ON and OFF state of the pixel are respectively, 

30 e.g. +2.5 volts and -2.5 volts during the first frame, and 
-2.5 volts and +2.5 volts during the second frame, etc. 
The additional voltage needed to fully turn on the LC 
comes from biasing the node 12 between the two MIM 
diodes to e.g. -3 V and +3 V respectively during first and 

35 second select times. On the next row of pixels, the 
polarity of data for ON and OFF state and polarity for 
bias at the node 12 are simply reversed to obtain row 
inversion. However, in center return video (Fig. 20(a)), 
the OFF state is 0 V and the ON state is +5 V and -5 V 

40 during first and second frames, respectively, and the 
voltage applied to the node 12 between the MIM diodes 
during the select time can stay at zero at all times. 
[0048] Thus, key advantage of simultaneous scan 
dual MIM (SSDM) LCDs of this invention over conven- 

45 tional MIM LCDs include improved gray shade control 
across the viewing area and over time. The SSDM 
embodiments of this invention are substantially insensi- 
tive to variations in MIM characteristics as to RC delays 
on rows as well as column as will be further discussed 

so below. As an exercise in illustrating advantages SSDM 
LCDs of this invention (e.g. see Figs. 1-6), circuit simu- 
lations shown in Figs. 11 and 12 of 28 inch diagonal 
SVGA displays were performed. 
[0049] Figure 1 1 is a circuit simulation of one row of a 

55 conventional single MIM LCD, and Figure 12 is a circuit 
simulation of one row of pixels of a SSDM LCD accord- 
ing to an embodiment of this invention. As will be illus- 
trated below, the Figure 12 SSDM device is superior 
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relative to the single MIM Figure 1 1 device. Certain sim- 
ulation parameters used in both the Fig. 11 and Fig. 12 
simulations are as follows, noting that the minimum fea- 
ture size for the 240 x 720 nm pixel is 20 yim, much 
larger than the 4 to 6 *im typically used in TFT LCDs: 
pixel count of 600 x 800 (x3); pixel pitch of 720 x 240 
urn, active area of 432 x 576 mm; 20 x 20 p.m MIM 
devices with L 8 = 3E-14A; MIM V c = 0.875(n=35) ; 
MIM capacitance = 0.155 pF (per branch); LC capaci- 
tance (effective 0.8 * Clcmax) « 1.7 pF; row resistance 
variable from 1 to 4 kohms; row capacitance = 340 pF; 
column resistance variable from 12 to 48 kohms; col- 
umn capacitance = 157 pF; drive scheme basis with all 
rows addressed from same side; refresh rate 60 Hz; line 
time 27 jis; select time 24 us; select voltages +15 and - 
15 volts (V); and data voltage +/-3.S V. Figures 11 and 
12 show the Pspice simulation circuit for the single and 
dual MIM displays, respectively. Each MIM device was 
modeled using two antiparailel diodes with 1 8 = 3E-13A 
and n=35: 

l=l s [exp(V/V c )-exp(-V/V c )], V c =nkT/q 

Constant V c is used in the equation rather than nkT/Q in 
order to avoid the assumption that nkT/q properly 
describes the temperature dependence of the IV 
curves. An exponential model is a fairly good represen- 
tation of the actual measured curves and is easy to 
implement in Pspice. A more accurate physics/based 
model for the conduction mechanism is Frenkel-Poole 
conduction. 

[0050] In Figures 11-12, the RC delay on the rows was 
modeled using a lumped circuit model, by splitting up 
the row line resistance in two halves with the majority of 
the pixels, except the first and last pixel, as a load 
between the two halves. The results were almost identi- 
cal with distributed RC delay network with 100 resistors 
and 100 capacitors, and thus the lumped circuit was 
deemed a realistic representation of the actual circuit. 
[0051] The graphs of Figures 13-18 were obtained 
from the Figure 11-12 simulations. Figures 13 and 14 
show the pixel voltage of the Figure 1 1 single MIM cir- 
cuit and select and data waveforms with R RO w = 1 
kohm, and 2 kohm respectively. Figures 15 and 16 show 
the same curves for the SSDM circuit of Figure 12 
according to embodiments of this invention. Note the 
differences between the single MIM graphs of Figs. 13- 
14 and the dual MIM graphs of Figs. 15-16. Meanwhile, 
Fig. 1 7 shows a three dimensional plot of the pixel volt- 
age variation of the Fig. 11 circuit, and Fig. 18 shows a 
three dimensional plot of the pixel voltage variation of 
the Fig. 12 circuit, with each of Figs. 1 7 and 18 showing 
pixel voltage variation across the viewing area on row 
and column resistance. As can be seen in the aforesaid 
figures, in the conventional single MIM circuit of Fig. 1 1 , 
the pixel voltage variation depends linearly on the 
busline resistances. Even at the lowest row and column 
resistance simulated there is 400 mV variation. This 



explains why single MIM LCDs eve not been reported in 
sizes larger than about 14 in. in the dual MIM configura- 
tion of Fig. 12 in accordance with this invention, how- 
ever, there is an asymptotic dependence of the pixel 

5 voltage variation on busline resistance. Pixel voltage 
variation is very small, less than about 50 mV, for 
Rrow^ kohm and Rcolumn < 24 kohm. 
[0052] As evident from the above and the comparison 
of Figures 11, 13, 14, and 17 with Figures 12, 15, 16, 

io and 18, there are at least three significant differences 
between the SSDM (Figs. 12, 15, 16, 18) of this inven- 
tion and the single MIM circuit (Figs. 1 1, 13, 14, and 17) 
of the prior art. These differences include (a) saturation 
of pixel charging at the end of the select time,, (b) pixel 

is voltage shift at the end of the select time, and (c) final 
pixel voltage at the end of the select time. In ail three of 
these aspects (a)-(c), the SSDM is superior relative to 
the conventional single MIM circuit. 
[0053] In the single MIM conventional circuit of Fig. 

20 11, the pixel voltage V pix at the end of the select tune is 
poorly defined and the result of integration of the MIM 
current during the select time. The pixel charging never 
saturates and V pjx is given by 

V,.; =V pU . . + ^/olmimtVmimOldt/C,, 

where 

is the pixel voltage immediately before the select pulse, 
Ts is the select time, l mjm is the MIM current which 

35 depends on the M IM voltage V mim , and C jc is the capac- 
itance of the LC or liquid crystal material in the pixel. 
The MIM voltage is further given by: 
V m in(t)=V 8elect (t)- V d^W-V lc (t) . The above two equa- 
tions show that the pixel voltage V pix depends on the ini- 

40 tial pixel voltage 

45 on the MIM cur rent- voltage characteristics, on Clc 
(which in turn depends on voltage, time and cell gap of 
the Ic), and also on the detailed shapes of the select 
pulse and data pulse. In other words, select ad data 
pulse distortion along the buslines or address lines will 

so have a substantial effect on the pixel voltage. This is 
clear from the charging plots for the single MIM circuit in 
Figs. 13 and 14. 

[0054] However, in the SSDM (simultaneous scan 
dual MIM) embodiments of this invention (e.g. Figs. 1- 
55 10, 12, 15, 16, and 18), the pixel voltage Vpj X is inde- 
pendent of the detailed MIM IV curves (i.e. current/volt- 
age curves) and independent of the detailed shape of 
the select and data pulse, as long as pixel charging sat- 



9 



17 



EP0 951 008 A2 



18 



urates. When the IV curves of the two branches in the 
SSDM circuit (e.g. see Figs. 1-5 which illustrate the two 
MIM branches in each pixel) are equal, the pixel voltage 
at the end of the select tune is simply given by 
v pix =v data assuming that V 82 =-V a1 , i.e. the select 
pulses on the two select lines of one row are equal in 
magnitude and have opposite polarity. The dual MIM 
switch functions as an analog switch, when operated in 
a simultaneous mode as illustrated herein, and transfers 
the data voltage exactly to the pixel, much like a TFT. 
Pixel charging saturates better in the dual MIM switch 
than in a TFT, because the switch current in the dual 
MIM circuit herein remains relatively high when the pixel 
voltage approaches the data voltage, whereas in a TFT 
the current goes to zero when the pixel voltage 
approaches the data voltage (i.e. when the source/drain 
voltage goes to zero). The pixel voltage shift, propor- 
tional to C mim /C| C in the single MIM circuit, is absent in 
the dual MIM circuit due to cancellation of the capacitive 
feedthrough in the two branches. 
[0055] As mentioned above, two conditions are to be 
satisfied in certain embodiments herein for the dual MIM 
switches to function as analog switches (i.e. 
V pix =V data ): (a) the IV curves of the two branches be 
identical, and (b) V 82 =V a1 for each pixel along the row 
and column lines (not considering ripple drive schemes 
herein). Condition (a) is met because of the proximity of 
the MIM diodes in the two branches of one pixel. 
Although a SiN x diode IV curves can vary across the 
display area as a result of temperature variations, SiN x 
thickness and composition (e.g. Si/N ratio) variations of 
CD variations in the electrode widths, they can be nor- 
mally assumed not to vary more than a few hundred 
microns within a pixel. This assumption is justified 
because variations of temperature, SiN x thickness and 
composition and metal and ITO CDs are long range. In 
other words, although Frenkel-Poole conduction has a 
strong dependence on temperature and film thickness, 
variations in those parameters are canceled out in a 
dual MIM circuit in accordance with this invention. If 
there are still random variations (noise, patterning accu- 
racy of the MIM diode, etc.), a small random DC voltage 
component is possible across pixels. The LC, however, 
is RMS responding and RMS errors are negligible for 
small DC errors. 

[0056] Condition (b) may require the two select volt- 
ages to have equal magnitudes across the entire dis- 
play. The load on the rows in the SSDM circuit has both 
a capacitive and a resistive component (as compared to 
TFT arrays, where the load is purely capacitive as long 
as the gate nitride is not leaky). The resistive compo- 
nent arises from the current flowing through the MIM 
diodes from the positive select line to the negative 
select line even when the pixel is fully charged. This 
effect causes a voltage drop in the select pulse ampli- 
tude along the row line. When pixel charging saturates, 
this voltage drop is equal for the negative and the posi- 
tive select lines, so that the condition V 82 =-V 81 



remains satisfied. This is confirmed by the waveforms in 
Figures 15-16 where both V s1 and V 82 are reduced by 
the same amount (e.g. a few hundred mV) at the end of 
the row. 

5 [0057] A row resistance of e.g. 2 kohm gives good uni- 
formity in the 28 in. Dual MIM SVGA display and corre- 
sponds to an AL row busline with a width of 30 \im and 
a thickness of 0.3 jam. The row line metal is the last 
metal deposited and functions also as the top electrode 

io for the MIM diode in the current process in certain 
embodiments. There are no step coverage or hillock for- 
mation issues. A thicker Al layer of e.g. 1 nm makes 
even larger displays feasible. 

[0058] Turning now to another embodiment of this 

15 invention, it has been found that superior MIM diodes 
result when amorphous C:N (carbon nitride) film is used 
as the insulator or semi-insulator of each MIM diode 10, 
11. This insulator (or semi-insulator) 104 is typically 
located between two opposing electrodes of the TFD or 

20 MIM diode, as shown in Fig. 19(b). 

[0059] We propose here the use of carbon nitride in 
the form of amorphous thin films (a-C:N) as the active 
material for a thin film diode (TFD) 10, 11. Exemplar 
diode structures are disclosed, for example, in U.S. Pat. 

25 No. 5,576,728, the disclosure of which is incorporated 
herein by reference. Such a MIM or TFD diode, includ- 
ing a-C:N as the semi insulator, has current voltage 
characteristics which are desirable for a switch in a 
metal-insulator-metal (MIM) LCD display or x-ray imag- 

30 ing device. This a-C:N alloy is a material that emulates 
its crystalline component beta-CN. The latter has a 
hardness value greater than that of diamond and is very 
stable to heat, light, and electrical stress. 
[0060] The high field electrical conduction of a-C:N 

35 has been studied over a temperature range of 300- 
500 K, and current is found to increase exponentially 
with the electric field. The exponential factor is found to 
increase linearly with the inverse of temperature in this 
range. The activation energy of the conductivity is also 

40 found to be strongly field dependent and to increase lin- 
early with electric field. 

[0061] a-C:N thin films show l-V characteristics with 
higher gradient than Si-rich Si x N y of comparable thick- 
ness, a-C:N does not show any substantial photocon- 

45 ductivity even at light photons with energies larger than 
its bandgap of about 2.4 eV. This makes devices based 
on a-C:N insensitive to light which is desirable in display 
applications. The electrical relative permittivity is about 
3-4. This means that MIM devices 10, 11 with larger 

so area can be fabricated hence the use of a scanning pro- 
jector for large 2D array fabrication. 
[0062] With regard to film deposition, a-C:N films with 
the above characteristics can be synthesized at low 
substrate temperatures (<100 degrees C) by two tech- 

55 niques: (i) growth from solid carbon, and (ii) growth from 
gas phase. Growth from solid carbon - sputtering of 
graphite targets by Ar+ ions with simultaneous low 
energy (e.g. from about 100-500 eV) N+ peening or 



10 



19 



EP 0 951 008 A2 



20 



assisted bombardment at ion beam densities of 0.3 
mA/cm 2 . These conditions are favorable for the growth 
of a-C:N films with relatively high N/C atomic ratios from 
about 0.4 to 0.6. The use of electron energy loss spec- 
toscopy initially shows that while the carbon was hybri- 
seed tetrahedrally the nitrogen was sp2 hybridised 
giving unpolarized covalent C-N bonds. Further electron 
diffraction studies show that the films have a namo crys- 
tals of beta-C-N embedded in an essentially amorphous 
matrix. The films show hardness of about 60 Gpa and 
electrical resistivity of above 7x1 0 2 ohm-cm. The optical 
bandgap was above 3 eV. 

[0063] In growth of a-C:N films from gas phase, the 
films can be deposited using a plasma enhanced CVD 
(chemical vapor deposition) method in which actelyne 
and NF3/NH3 gas mixtures are introduced into a cham- 
ber via separate gas lines. The power density < 500 
W/m 2 and substrate temperature < 350K. In one case, 
nitrogen incorporation into the carbon matrix causes a 
reduction in the bandgap of the carbon network. 
[0064] In order to pattern thin film a-C:N, CF^C^ as 
an etchant gas may be used. 

[0065] Figure 19(b) shows a TFD (e.g. MIM diode 10, 
11) on substantially transparent glass substrate 101 
according to a embodiment of this invention. In certain 
embodiments, this TFD may be a MIM diode 10, 11 
wherein bottom electrode 102 and top electrode 103 are 
both of metals (e.g. Mo) while insulator or semi-insulator 
layer 104 disposed therebetween is of a material such 
as a-C:N as discussed above. In accordance with alter- 
native embodiments, a non-metal such as indium-tin- 
oxide (ITO) may be used as one or both of the elec- 
trode(s) 102/103 in the diode of Fig. 19(b). In certain 
embodiments, the TFD includes ITO as bottom elec- 
trode 102 and Mo as top electrode 103, with either dia- 
mond-like carbon, a-C:N, or silicon rich liquid nitride as 
semi-insulator 104. 

[0066] In other embodiments of this invention, layer 
104 of TFD (e.g. MIM diode) 10, 1 1 of Fig. 19(b) may be 
of diamond like carbon. Semi-insulators of MIM or TFD 
diodes have typically been of Ta 2 0 5 or PECVD grown 
Si-rich SiN x :H. However, a drawback of these two mate- 
rials is their relatively high dielectric constant values: 
about 23 and 8.5 respectively for Ta 2 O s and SiN x :H, 
respectively. In addition, these electronic materials, 
being binary and ternary alloys, are prone to issues 
such as spatial homogeneity and temporal degradation 
when used within an active device such as a diode in 
this case. To circumvent these problems, the simultane- 
ous scan dual TFD or MIM [SSDM] approach shown 
and discussed above in Figs. 1-10, 12, 15, 16, 18. 19(b), 
and 20 is/are provided in order to overcome the effects 
of spatial, temporal, and temperature dependent varia- 
tions in TFD and MIM device characteristics. In order to 
efficient use of such inventions herein, l-V symmetry or 
symmetricity of the TFD or MIM devices 10, 1 1 should 
be good. Symmetry can be achieved by using two 
diodes in series per branch as shown in Fig. 5 for exam- 



ple. This approach however implies that the switching 
voltage needed per pixel is doubled and consequently is 
at the fringe of operability of presently available drivers. 
The present embodiment uses semi-insulators in the 

5 form of smooth poly-crystalline diamond and diamond- 
like carbon thin films containing small amounts of N and 
F dopant atoms for TFD or MIM semi-insulator layer 1 04 
[see Fig. 19(b)]. Additional desirable features of these 
two diamond based films include (i) low dielectric con- 

70 stant of less than about 4.0, preferably between about 
3.0 and 4.0, which implies a lower capacitive coupling 
and kickback voltage; (i") wide bandgap Esmond of 
approximately 5.3-5.7 eV, preferably aboaut 5.5 eV, and 
E d | C >3eV, which results in high transparency and for dia- 

15 mond-like carbon (DLC) virtually no photoconductivity 
because the density of states (DOS) is above 10 18 cm* 3 
e\A 1 pinning the Fermi-Level in the gap; (iii) high dielec- 
tric breakdown strength E >5x10 V cm* 1 ; (iv) highly 
symmetric l-V (current-voltage) characteristics requiring 

20 half of the switching voltage needed for Si-rich SiN x 
meaning that lower switching voltage is required; (v) for 
DLC large area and fast growth rate at room tempera- 
ture which does not reduce and darken ITO; (vi) poly- 
crystalline diamond has a high thermal conductivity 

25 giving no thermal gradient within the film during opera- 
tion, ensuring low spatial l-V variation; and (vii) chemi- 
cally inert at room temperature and stable up to about 
approximately 250 degrees C. These advantages of the 
use of poly-diamond and DLC films includes the fabrica- 

30 tion of such MIM and TFD arrays using only three thin 
film layers and two photo- mask steps since the diamond 
layer can be left unpatterned. The viability of such as 
process coupled with the high performance of SSDM 
drive schemes discussed above results in promising 

35 avenues in the manufacture of AM LCDs for price com- 
petitive markets such as automotive flat panel displays. 
In certain embodiments, a DLC or poly-diamond MIM or 
TFD can be made by providing a substrate 101 such as 
glass, depositing and patterning a first electrode 102 

40 array (e.g. strips 102 of metal or ITO) on the substrate in 
order to form the bottom electrodes, depositing a contin- 
uous layer of DLC or poly-crystalline diamond 104 on 
and across the substrate over the first electrode por- 
tions that have been patterned (patterning of the dia- 

45 mond layer 104 is optional is need not be done), and 
depositing and patterning a second electrode 103 array 
(e.g. strips 103 of metal or ITO) on the substrate. In cer- 
tain embodiments, the strips 1 03 of top electrodes may 
be substantially perpendicularly aligned relative to the 

so strips 1 02 of bottom electrodes, with the diamond mate- 
rial 104 therebetween. In such a manner MIM or TFD 
devices 10, 11 can be made in accordance with this 
invention. MIM and TFD diodes 10, 1 1 herein are non- 
linear resistance elements, and are also bi-directional 

55 threshold devices. 

[0067] Figure 1 9(a) is a voltage versus current (amps) 
graph illustrating l-V characteristics as a DLC MIM 
(solid line) versus a a-Si:N MIM (dotted line). Note the 
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low variation of voltage as a function of current for the 
diamond like carbon (DLC) MIM diode of Fig. 19(a). 
[0068] Once given the above disclosure, many other 
features, modifications, and improvements will become 
apparent to the skilled artisan. Such other features, 5 
modifications, and improvements are therefore consid- 
ered to be a part of this invention, the scope of which is 
to be determined by the following claims. 

Claims 10 

1 . A method of addressing an active matrix liquid crys- 
tal display, comprising the steps of: 



providing a plurality of pixels, each of the 
pixels including a liquid crystal layer sand- 
wiched between first and second pixel 
electrodes; 20 
providing each pixel with first and second 
thin film diodes (TFDs) that are in commu- 
nication with the first pixel electrode in 
each pixel, each of said first and second 
thin film diodes including first and second 25 
opposing electrodes with a semi-insulating 
material provided therebetween; 
providing each pixel with first and second 
parallel select address lines, the first select 
address line being in communication with 30 
the first thin film diode in each pixel and the 
second select address line being in com- 
munication with the second thin film diode 
in each pixel; 

providing each pixel with a data address 35 2. 
line that is in communication with the sec- 
ond pixel electrode in each pixel, the data 
address lines being perpendicular to the 
select address fines; 

coupling the first and second thin film 40 
diodes together at a common node, and in 
each pixel coupling the liquid crystal layer 
and the first and second pixel electrodes 
between the common node of the pixel and 
the data address line of the pixel ; 45 3. 

in one of the pixels, (i) simultaneously in a 
first frame applying a first operating poten- 
tial to the first select address line and a 
second operating potential to the second 
select address line, wherein the first and so 
second operating potentials are of sub- 4. 
stantially equal magnitude but of opposite 
polarity; and thereafter (ii) simultaneously 
in a second frame immediately following 
the first frame, applying a 55 

third operating potential to the first select 
address line and a fourth operating potential to 



the second select address line, wherein the 
third and fourth operating potentials are of sub- 
stantially equal magnitude but of opposite 
polarity; and thereafter (iii) simultaneously in a 
third frame immediately following the second 
frame, applying a fifth operating potential to the 
first select address line and a sixth operating 
potential to the second select address line, 
wherein the fifth and sixth operating potentials 
are of substantially equal magnitude but of 
opposite polarity; wherein in steps OH"') above 
the first third and fifth operating potentials 
applied to the first select address line are all of 
the same polarity relative to zero and the sec- 
ond fourth, and sixth operating potentials 
applied to the second select line are of a polar- 
ity relative to zero opposite the polarity of the 
potentials applied to the first select line; and 

driving the pixels in the display using row inver- 
sion so that in a given frame a first row of pixels 
in the display is driven so that each common 
node in the first row of pixels has a voltage 
value of a first polarity relative to a correspond- 
ing pixel electrode across the liquid crystal 
layer therefrom in each pixel, and in said given 
frame a second row of pixels in the display is 
driven so that each common node in the sec- 
ond row of pixels has a voltage value of a sec- 
ond polarity, opposite said first polarity, relative 
to corresponding pixel electrodes across the 
liquid crystal layer thereform in each pixel, so 
that. 

Trie method of claim 1, wherein said steps (i)-(iii) 
are performed in order to bias the diodes into a on 
condition to facilitate the storage of charge in a 
capacitor in the pixel including the liquid crystal 
layer and the first and second pixel electrodes; and, 
in the pixel, applying charge to the data address 
line during application of the potentials of opposite 
polarity to the select address lines in order to store 
electric charge in said capacitor. 

The method of claim 1 , wherein said first, third, and 
fifth operating potentials are of sustantially the 
same magnitude, and wherein said second, fourth, 
and sixth operating potentials are of substantially 
the same magnitude. 

The method of claim 1, wherein said first and sec- 
ond diodes are MIM diodes, and the method further 
comprising providing each pixel with third and 
fourth MIM diodes so that each pixel includes four 
separate MIM diodes, with the first and third MIM 
diodes being on one side of the common node and 
the second and fourth MIM diodes in each pixel 
being on the other side of the common node. 
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A method of addressing a liquid crystal display 
including thin film diodes, the method comprising 
the steps of: 

providing a plurality of pixels in the display, 5 
each of the pixels including a liquid crystal layer 
and first and second pixel electrodes sand- 
wiching the liquid crystal layer therebetween so 
as to form a capacitor; 

providing each pixel with first and second thin 10 
film diodes which are nonlinear resistance ele- 
ments, said thin film diodes being coupled via a 
common node, the common node being 
located between (a) the diodes, and (b) the 
capacitor; 15 
wherein said first pixel electrode is located 
electrically between said second pixel elec- 
trode and said common node; 
providing each pixel with first and second 
select address lines, the first select address 20 
line being coupled to the first thin film diode and 
the second select address line being coupled 
to the second thin film diode; 
providing each pixel with a data address line; 
in a pixel, biasing the first and second thin film 2s 
diodes into an on condition to facilitate storage 
of charge in the capacitor of the pixel by vary- 
ing a select voltage applied to the first select 
address line between V s + V offeet and V s - V off . 
set for subsequent frames, and 30 
varying a select voltage applied to the second 
select address line between - V s + V offeet and - 
v s " v offset for subsequent frames, wherein V s 
is one voltage and V offS6t is another voltage that 
is less than V s ; 35 
driving the display via one of (a) row inversion, 
(b) column inversion and (c) pixel inversion, so 
that in a given frame a first group of pixels in the 
display has a first polarity and a second group 
of pixels in the display has a second polarity, 40 
with the first polarity ad second polarity being 
opposite one another; and 
wherein polarity is defined in view of voltage at 
the common node relative to voltage at the sec- 
ond pixel electrode in a particular pixel, so that 45 
in said first group of pixels in said given frame 
the voltage at the common node is greater than 
the voltage at the second pixel electrode in 
each pixel in the first group, and in said second 
group of pixels in said given frame the voltage so 
at the common node is less than the voltage at 
the second pixel electrode in each pixel in the 
second group. 

The method of claim 5, further including applying 55 
v s " v off8Gt t0 tne f'ret select address line ad apply- 
ing -V s - V off8Gt to the second select line, respec- 
tively, at the same time, and applying V s + V ofteGt to 



the first select line and - V s + V offeet to the second 
select line at the same time. 

7. The method of claim 5, wherein all operating poten- 
tials applied to the first select line are of a positive 
polarity relative to zero and all operating potentials 
applied to the second select line are of a negative 
polarity relative to zero. 

8. The method of claim 5, further comprising maintain- 
ing a substantially constant voltage gap between 
potentials applied to the first ad second select lines, 
in all frames. 

9. The method of claim 5, further comprising the steps 
of: applying holding voltages to each of the first and 
second select lines during non-select periods in 
order to improve charge retention in the pixel, with 
the holding voltage being maintained during entire 
periods between select pulses until the same row is 
selected again, and wherein adjacent rows have 
opposite polarity holding voltages compatible with 
row inversion. 

1 0. The method of claim 9, further comprising maintain- 
ing the holding voltages on the first and second 
select lines during the entire non-select period 
between pulses, so as to cancel out voltage shift 
from the first and second MIM diodes. 

11. The method of claim 10, further comprising at ter- 
mination of data voltage pulses, changing voltages 
on the first and second select lines by equal magni- 
tude but opposite polarity amounts in order to 
implement the holding voltages. 

12. The method of claim 5, wherein said first and sec- 
ond diodes are metal-insulator-metal (MIM) diodes, 
and the method further comprising providing each 
pixel with third and fourth MIM diodes so that each 
pixel includes four separate MIM diodes, two on 
each side of the common node. 

13. A pixel for a liquid crystal display, the pixel compris- 
ing: 

a capacitor formed by a liquid crystal layer 
sandwiched between first and second elec- 
trodes; 

first and second nonlinear thin film diodes; 
a node coupling together (i) said first diode, (ii) 
said second diode, and (Hi) said capacitor, 
first and second parallel select lines, said first 
select line connected to said first diode and 
said second select line connected to said sec- 
ond diode; 

a data line oriented perpendicular to said first 
and second select lines; 
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simultaneous offset scan driving means for 
driving the display in a row inversion manner, 
and for charging the pixel so as to supply data 
to a viewer of the display, said simultaneous 
offset scan driving means for simultaneously 5 
applying, in a first frame, a select voltage of V s 
■ v oftset to said ,irst select line and a select volt- 
age of -V s - V offset to said second select line, 
and thereafter simultaneously applying, in a 
second frame subsequent to said first frame, a w 
select voltage of V s + V offset to said first select 
line and a select voltage of-V s + V offset to said 
second select line.' 



oxide which is substantially transparent. 

21. The method of claim 19, wherein each of said first 
and second electrodes includes metal and wherein 
the diode is a MIM diode. 



14. The display of claims 13, further including means 15 
for applying a holding voltage to each of said first 
and second select lines between pulses, and for 
maintaining the holding voltage until the same row 
of pixels is selected again, and wherein adjacent 
rows of pixels in the display in a given frame have 20 
opposite polarity holding voltages. 



1 5. A thin film diode comprising: 



a first conductive electrode supported by a sub- 25 
strate: 

a second conductive electrode supported by a 
substrate; 

a semi-insulator layer located between said 
first and second electrodes; and 30 
wherein said semi -insulator layer includes 
amorphous carbon nitride alloy. 

16. The diode of claim 15, wherein said semi-insulator 
layer has a dielectric constant of less than about 4.0 35 

17. The diode of claim 15, wherein said semi-insulator 
layer is amorphous carbon nitride (a-C:N). 

18. The diode of claim 15, wherein said first and sec- 40 
ond electrodes are metal electrodes, and wherein 
said diode is a MIM diode. 



19. A method of making a thin film diode (TFD) com- 
prising the steps of: 45 

providing a substrate; 

depositing and patterning a first electrode on 
the substrate; 

providing a an amorphous carbon nitride layer so 
on the substrate over the first electrode; and 
depositing and patterning a second electrode 
on the substrate so that the carbon nitride layer 
is located between the first and second elec- 
trodes so as to form the diode. 55 



20. The method of claim 1 9, wherein at least one of the 
first and second electrodes includes indium-tin- 
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